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Protective effects of the injectable recombinant protein of exendin-4
and human serum albumin, E2HSA, on mouse islet g cell function
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Abstract: The injectable recombinant protein of exendin-4 and human serum albumin (HSA), E2HSA, is a
long-acting glucagon like-peptide-1 (GLP-1) receptor agonist, which is in clinical research stage now. This study
aimed to evaluate the protective effects of E2HSA on mouse islet £ cell function in vitro and in vivo. In vitro, the
mouse insulinoma cells NIT-1 were used to assay the effects of E2HSA on cell viability and proliferation. Besides,
the water soluble cholesterol was adopted to induce cell injury, and then the effects of E2HSA on cell viability and
apoptosis, as well as the mechanism, were studied. In vivo, the alloxan-induced hyperglycemic mice were repeatedly
administered with E2HSA by subcutaneous injection, and the blood glucose, serum insulin, and content of insulin
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in islets were measured. All animal experiments were carried out with approval of the Experimental Animal
Welfare Ethics Committee of the Institute of Materia Medica (Chinese Academy of Medical Sciences and Peking
Union Medical College). The results showed that E2HSA significantly increased the viability of NIT-1 cells and
the amount of bromodeoxyuridine (BrdU) incorporated in cells. Besides, the water soluble cholesterol significantly
decreased the cell viability and induced apoptosis of NIT-1 cells, but E2HSA significantly reversed the injury of
NIT-1 cells. Nevertheless, E2HSA significantly increased the expression of pancreatic duodenal homeobox-1
(PDX-1) and protein kinase B (PKB) of NIT-1 cells after injured by water soluble cholesterol. Furthermore,
repeated injections of E2HSA significantly reduced the fasting and non-fasting blood glucose, increased the serum
insulin level and raised the insulin content in f cells of alloxan-induced hyperglycemic mice. In conclusion,
E2HSA could promote proliferation of NIT-1 cells, inhibit the water soluble cholesterol induced injury and
apoptosis, and increase the insulin content in serum and islets of alloxan-induced hyperglycemic mice, suggesting

the protective effects on pancreatic islet  cell function.
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nant protein of exendin-4 and human serum albumin), »&
L HE B BT — M KR GLP-1 2 R sh 7, H T
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W, &S aIAY) RS, UL P IRET S 44
b2 gett: ) T 60 °CIEIR AN it 2 h, —HIZE
B, 100%. 95% . 80% £ 70% . % | 76 1% 7K F1 PBS
GEPR R EK, TN 3% i S AL EA W, LI E 5 min,
PBS ¥ WL Ik Fr, B T Tris-EDTA $i J7 15 5 ¥ (pH 9.0)
W SR GE R AT IURAE R, A, TR R N E
M3, =W E 25 min, 00/ B 5 = Piik (1:50),
4 °CH B, U U AP 2 =08, B S A
F ARt i LA PN R =B, 37 °CiEE 25 min, P H 5
TR i B ALY bR G R ON R, 37 °CiE B
25 min, ¥ A 5 i 0 &k €455 (diaminobezidin, DAB), %
158 60 B 2 min, 2518 K Ve R, %0 Harris 75 K &,
Pt 10 s, BRI G TR OrEF 3615 s, R
10 min, 80%.95%-95%.100% F1 100% . % fii 7K, — H
HKIE W, HPER R E F, 60 °CHERE 10 min R4 I, T3]
FERTAC R~ S il

BOBALIE SO BUE DL x £ s KR, 1A 2 7Rt
56, P<0.05 %/x 2 7 B A it % & L. K H IPP6.0
B 53 BT M i P R 5 2R 2 A e £ B A [X 3 T A,
KB 0 M A 23 H Western blot 2 (4 454 1K FEAH

ER
1 E2HSA X NIT-1 43855 Y 5200

52 x4 (negative control, Nor) #HLE, E2HSA
£ 0.1~1 000 nmol-L* ¥4 & ¥ [ P9 5 NIT-1 41 ffg L [7)
% & P51 RE A% B R G I an B vE 77, R R — R R E AR



- 1178 - 224224 Acta Pharmaceutica Sinica 2020, 55(6): 1175 -1181

%; exendin-4 7F 100 nmol- L™ R 8 AT & 2 18 i NIT-1 41
REI3E 71 (£ 1). 5 NorZH#H Lk, E2HSA Fllexendin-4 7&
100 nmol-L- 34 B % 18 i NIT-1 41 ffa Py 4 € 5% 6 8 1)
Kk, RIN GG 2 MR M (B 1),
S5 R E2HSA FAT (L k15 & g 40 M 3G GE i) VR F o

Table1 Effectof the injectable recombinant protein of exendin-4
and human serum albumin (E2HSA) on the viability of NIT-1 cells.
n =6, x +s. "P<0.05, ~P<0.01, “*P<0.001 vs negative control
(Nor)

Group Concentration/nmol-L* A o0
Nor - 0.860 + 0.057
E2HSA 0.1 0.892 + 0.034"
1 0.890 + 0.058"
10 0.905 + 0.052™
100 0.927 + 0.044™
1000 0.916 + 0.043™
Exendin-4 100 0.904 + 0.070™
Figure 1  Effects of E2HSA on the amount of bromodeoxyuri-

dine (BrdU) incorporated in NIT-1 cells. BrdU was incorporated in
the cells and determined with BrdU primary antibody and fluores-
cein isothiocyanate (FITC)-labeled second antibody. The photos
were taken with 100 x magnification and the cells of the negative
control (Nor) group were treated with equal volume of phosphate
buffered saline (PBS)

2 E2HSAFIKAEMABEIEZF S NIT-1 A H RS20

5 Nor 4141 L, #5784 %F fE 21 (control, Con) 4H il ff)
T 71 W B AR (P<0.001), 2 W Ky 146 JIEL 1] e W S22 %
SNIT-L40 kA= 45i45 . 5 Con ZHAH L, E2HSATE 1~
1 000 nmol- Lt B mI B S5 59 1 NIT-1 40 i (1) 7% 77 (P<
0.05); exendin-4 7E 100 nmol-L* '~ t A] & 2 38 i NIT-1
Y1 L ) (R 2). BEAh, 5 Nor 4448 L, Con 2H 41
BERAEFT, BB AT, BTk
AR N 23.4% (P<0.001). 5 Con 41 A Lk, E2HSA Al
exendin-4 7£ 500 nmol- Ly & T ol 7E — e FE B L
V. i A g () A ek D R ) R T R AR 2R iR
16.5% #1117.2% (P<0.01, & 2). 453 FE W E2HSA B
PR 5 3 A R T PRI A
3 E2HSAXI7KiF M FBEEEIF S NIT-1 AR 15 i
PKB #1 PDX-1 & RIS

5 Nor 41 #f tt, Con 4141 s Py PKB 1 PDX-1 &
) 26 35 35 B & B IS (PKB, P<0.001; PDX-1, P<0.01),

Table 2  Effect of E2HSA on the viability of NIT-1 cells injured
by water soluble cholesterol. n = 6, x £ s. ““P<0.001 vs Nor; “P<
0.05, #P<0.01, #P<0.001 vs Con. Nor: Cells cultured in normal
conditions; Con: Cells cultured in the presence of 0.125 mmol-L*

cholesterol
Group Concentration/nmol-L* A soes0
Nor - 1.235 +0.022
Con - 0.806 + 0.042"™
E2HSA 0.1 0.843 +0.040
1 0.865 + 0.039*
10 0.907 + 0.056*
100 0.881 + 0.023*
1000 0.968 + 0.037%#
Exendin-4 100 0.864 + 0.030"
Figure 2 Effects of E2HSA on the apoptosis of NIT-1 cells

induced by water soluble cholesterol (CHO). A: Cells cultured in
normal conditions (Nor); B: Cells cultured in the presence of
0.125 mmol-L* water soluble CHO (Con); C: Cells cultured in the
presence of 0.125 mmol-L* water soluble CHO and 500 nmol-L*
E2HSA (E2HSA); D: Cells cultured in the presence of 0.125 mmol-L*
water soluble CHO and 500 nmol-L* exendin-4 (Exendin-4); E:
Analysis of the apoptosis fraction and the value of the Con group
was defined as 100%. n = 3, X + s. “"P<0.001 vs Nor, #P<0.01 vs
Con. PI: Propidium iodide

2 WH K A P B O S NIT-1 40 i B2 47 5 BR AR L Y
PKB I PDX-1 %K H#£iA A K. 5 ConZHAH L, E2HSA
£ 500 nmol- Lt & FE T~ ] B 2 3G 0 46 fe N PKB Al
PDX-1 % %1k (PKB, P<0.01; PDX-1, P<0.05); ex-
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PKB #1PDX-1 8 H R IEH Ko
4  E2HSAKHEALRZA 3T S ENE /)N R 1L ¥E 89 520

Y5 Con ZH A tb, B K ¢ T ¥ S E2HSA (2.5.5 Fi
10 mg-kgt) B k3 AL DY A0 g s i b /s BRI AR SE
WA 23 G IR, H 65 45 24 6 1) () S8 K 24 A T
1859, R E2HSA K 45 245 1] 4% 1 TIDM /N 5 1) 1fiL 9%
Wedh, HAR RS T Re 5 Piik A il kB, R
VEST exendin-4 (2 ug-kg) AT BEAR DY G800 i = I kE /)
BRL 110 7% LK, AELAE FH 5 R B A 45 24 I () S K R A5 e
155 ; exendin-4 % U 400 B /)N 5K 48 £ I G I Sk
s (] 4).
5 E2HSAKHAL 2o 3t PU S IE0E /)N B I & 70 Ak &5 9 AR
BRKFRIF M

L5 Con 20 A tb, B K J¢ T v 4 E2HSA (2.5.5 F
10 mg-kg™®) P 0 DY 4 BE v IR /0N BR8I35 JBR & 2R
KF, HEA RIFEBRR, (HHNMEZERECK;
553K Bz F i T exendin-4 (2 pg-kgt) AT B0/ BRI
JB 5 # KT (BI5A). b4k, 5 Con ZHAH L, E2HSA (5
H110 mg-kg) 3 0] A [ R FEE b 16 i DY A s g s IR

/0N BRPR S PN D B R &, R 10 mg-kgt AR AL
EH BB G2 X, H2H N AR ZE FECR (K 5B~
E). %45 R KM E2HSA Al g {i4" TLDM /) KRB i g 41
Jo, 38 00 R B 2R B AE WA O

g

B PR A — P T AR AR I e, R Ak, L
SRS L, SR F IR TR LSRR
BT PO JR 9 25 0 8 AE JE BER. E At 42 4], Moore
SEOVI I AR W A7 AE Be 0 SRR R A S I, B
J& La Barre LK 1X Fh ) it i 44 24 W B W 2% “incretin”
B8 56 BT E BOUR N, 2 T gy e it 2, DR 2 A4 o 1 12
5 2 4r W £ Bk (glucose-dependent insulinotropic poly-
peptide, GIP) Fl GLP-1 # 5% J5 7r B % 5€ « AW 5L K
P, T2DM B F & A GIP /K IE %, T GLP-1/K-F-A it
BEAR, 457 4N GLP-1 B89 B 515 5 1k & &K 7 ik
FHURAT AU . ANt e A£G 2 213 I
O UL I B BE 2 A OC, T T2DM FR 3 Hh l F bE R
A0 1D % 35 43 Wi B SR /b, B GLP-1 A BEAE bk
PRIGIGIT I B . R Wk, GLP-1 2 A I 75
A AR Rl K S B 1V ORT AR b P K B 24,11 % [
fift, 22 WA 1~2 min, T3k B BN T IR K.

Figure 3  Effect of E2HSA on the expression of protein kinase B (PKB) and pancreatic duodenal homeobox-1 (PDX-1) in NIT-1 cells

injured by water soluble cholesterol. A: Relative expression of PKB; B: Relative expression of PDX-1; C: Representative blots of PKB,

PDX-1, and #-actin. Nor: Cells cultured in normal conditions; Con: Cells cultured in the presence of 0.125 mmol-L* cholesterol; All data
were normalized to S-actin and the value of the Nor group was defined as 1. n = 4-5, x +s. “P<0.01, ""P<0.001 vs Nor; #*P<0.05, *#P<0.01,

##P<0.001 vs Con

Figure 4  Effects of repeated administration of E2HSA on the variation of blood glucose in alloxan-induced hyperglycemic mice. A: Non-

fasting blood glucose; B: Fasting blood glucose. Con: The hyperglycemic mice treated with vehicle. n = 8-10, X  s. “P<0.05, “P<0.01, ""P<

0.001 vs Con
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Figure 5 Effects of repeated administration of E2HSA on fasting blood insulin and insulin content in the islets of alloxan-induced hyper-

glycemic mice. A: Fasting blood insulin; B: Area of insulin-positive points in the islets. Con: The hyperglycemic mice treated with vehicle.

C: Immunohistochemical staining of insulin in the control mice; D: Immunohistochemical staining of insulin in mice treated with E2HSA at

5 mg-kg?; E: Immunohistochemical staining of insulin in mice treated with E2HSA at 10 mg-kg™. Magnification, 200x. n = 8-10 for A and

n =8 for B-E. x + 5. "P<0.05, “P<0.01 vs Con

Ik, Xt GLP-1 BEAT 45 H & 1 « 5 B AT T 5% i A (1) GLP-1
FAUPEILL K 5 37, GLP-1 52 A4 20 771 i 1 A% B DA i ik
TETEACE S, SO DR PR 2570 1) B 2@ A2

H T Ah 25 5 A SCEEAR K R hL & K B s
UK < 55 5 TR 0 R G 7 5 55 22 ol GLIP-1 288 24 47 4 4t e
T, I LR b ORI 0 B R T A R R RS 1K,
1M & 72 GLP-1 2K 25 W) J J7 T i J& = 1 . E2HSA
RREE RN — KKK GLP-1 K4, h2 T
SCFETBIKAN 14y F N ILIE AR ARl A R 3R, 5l
b Tl PR A S B B, B A R VRS 1k, H TR T
T2DM. Il R i HIF 78 & B, E2HSA W] &, 25 o 38 2 70
PRI /I B AR AX T, [ BT 398 5 3 490 Sk 287 3 o) 085 11
SN, FEAM G B A M TR XA R B E2HSA 1]
i 3o 4 FF 5 41 B K T BE AL T2DM 3% Ak, B AR AT
HEI & T B A BT TIDM S i IR 1) o

T1DM & —Ff DL B & G B 45 1 1 5 J6E & B 240 i 45
5 FL RRUIR B 2R 20 B = O 32 EARRAE RORE IR, R
F AR R R R AR S . RE P 2B
WK F HIRE 7T W), GLP-1 R i3k B 400 Jfa 384 % A0 4k,
A G AR T, (H GLP-1 245 i R At e T
Y8IT7 TIDMRA, Janzen 2505 9 T 45 5¢ GLP-1 5% /4 %
FNFATT TIDM Il RAR 56 3017 25 & 20, $2 HH GLP-
152 PR AT 4 2% 8 R T I R | LA
FIRIT R AR TIDM 3, (H R B W 251
it 52 1 . IR, BF 78 E2HSA X fif 5 p 41 e i) 4% 7 1

A PR Ho6F TIDM /s ERBEAR U (R 2 i, o 9 HO A T8
J7 TIDM $ fit S0 4 45

JoR A paH M E AR A R ) B R AR S
PR IR BESRGE R, T A Ao 52 e 240 i 39 5 5 0 T ) R 3R
Y5l A DR fRAS o PDX-1 AN AR 1 15 g & =
FE R AR AR 5 3R 4 WA B B B R R, 16 2 S5 YERR IR
By p A M B &2, Pdx-1 5 PR 5 4% 8 44 2 PR R AR W] 5
2 MODY4 (maturity-onset diabetes of the young 4)11,
UbAh, A W50 I, JE 5 2= AT AR 2 PDX-1 %€ Az T 4 i
%, FF 8 U 1 Px-1 25 PR 2 3K T 400 1) ik 5 O AR TR T
$E75 PDX-1 B A HL i T 04, Li 55090 3 PDX-1
72 GLP-1 Z248f5 Sl b HE MR N+, A= 5
GLP-1 32 A4 3 3 71 8 15 o 40 Jfg 70 W6 JBR v L A 3%, &2
5 AR AR A ER RIS o Uk Ak, BT 1 AL
3 W - & H ¥ B (phosphoinositide-3-kinase-PKB,
PI3K-PKB) 15 5 il % th 2 5 i AT 4 f AR K VI 5 o4k
AYE TSI R, B 70 3R WO 12 08 #R AT 1 B 2 i 3
BHL, A R AR g e

AR H AT R B 51 S TIDM 3% R 5 B 40 e 4k
(= WIS P W AN NS 1 e S (EP Y 55 S
L BOE TR, A TAE p AR B B et i B
HEAEH, M2 AR, aEb. el RIEE SRR B
I R VR TR AR S 2 R T AR T — K
AT KPR AR [ R A T A0 R ) B el R R
DA A, GRS BE RGN, (RIS S ) s A5 4



PR G E 2 R TR AR A LS A R R B E2HS A /N R & 4 4H 2 E ) GR 4745 1

1181

A G P A BB R G, FRARILTE R B B2 RE
77, 2T B0 P i T A P HE AR N 5] i
AT . AW TS SEAEAR SN KT 43 3 I B R 12
2 /N7 TR E2HSA ST B 41 i B fR 3715, FE40125 88
RIHAE ML, 45 5 5 oR E2HSA al {3k /N U5 5 20
S0 AR R NIT-1 3958, #0014 B 1 s A fw s o, B
ZAE 5 %5 PDX-1 1 PKB ik F ¢, % B E2HSA
HA— 2 NS g i EH

Y S e i sy AL /) B — i FH ) TLDM Bh
B, DU S e K A 5 ) R DATE AR Y BUCRAG IE R
PEIR, P2 A B A E 2, b P A A B B A e,
JiR 5 2R B D, 38 RO ) R A R =, AT RS
) Kk A BN TIDM 1) & I pEeel, E2HSA K
25 25 AN AN 5. 325 PR A1 Y 4 g /0 %I ARE, 3 1 I 344
HBESHWNERED RS E &GRS RKF, £9H
E2HSA RE 1 [H 1= TIDM /N B 5 B 41 A £ = 1 98 2D,
Ry HIhRe.

2i B RTIR, LEAR AN K, E2HSA T 3 /) B
FR A0 PR bR NIT-1 389 58, 40 ) S0 A 400 105 5 5 1 4 e 0
To; AR EN WK F, E2HSA 1] J& 1K TIDM /) B A 1fiL
B, I35 hn LR B N RN IV R B R OKCF, Y1 R
E2HSA Bef% ORI 1R 5 p A L Dh e, A HAE TIDM &%
SR B A T SEER AR
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